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Trips A-l & B-l
THE BOSTON BAY GROUP: THE BOULDER BED PROBLEM
by
Judith A. Rehmer, Department of Geology, Clark University, 
Worcester, Massachusetts
David C. Roy, Department of Geology and Geophysics, Boston 
College, Chestnut Hill, Massachusetts
"I wonder whether the boys who live in Roxbury and 
and Dorchester are ever moved to tears or filled with
silent awe as they look upon the rocks and fragments 
of the "puddingstone" abounding in those localities.
I have my suspicions that those boys "heave a stone" 
or "fire a brickbat," without any more tearful or 
philosophical contemplations than boys of less fav­
ored regions expend on the same performance.
a lump of puddingstone is a thing to look at, to 
think about, to study over, to dream upon, to go crazy 
with, to beat one's brains out
Oliver Wendell Holmes 
The Professor at the 
Breakfast-table
The origin of the sedimentary rocks of the Boston Bay Group 
is one of the earliest and best known examples of the "boulder 
bed problem". The non-uniqueness of features common to sedi­
mentary complexes of massive orthoconglomerates, diamictites, 
and rhythmically banded mudrocks has long been recognized in 
the Boston area (Sayles, 1914; Dott, 1961). This has given rise 
to two basic models for the sedimentation of the Boston Bay 
Group: as a glacio-alluvial-lacustrine complex; or as a complex
of subaqueous gravity-transported sediment resulting from mass 
movements (grain flow, debris flow, and turbidity currents).
The Boston Bay Group has been divided into the Roxbury 
Conglomerate (which consists of three members, in ascending
the Brookline Member, the Dorchester Member, and the 
Squantum Member) and the coeval and partly overlying Cambridge 
Argillite. Details of the lithology, thickness, bedding, and 
sedimentary structures of these units, from previous literature, 
are given in Table 1 and by Billings (this volume). The 
sedimentary rock types typical of these units are complexly
, and their thicknesses vary greatly. Some workers 
have considered the stratigraphic subdivisions of the Roxbury
Conglomerate unmappable but have retained them as a convenient 
descriptive framework (LaForge, 1932; Dott, 1961). 
observations from water supply and drainage tunnels through the 
Boston Basin show that the Roxbury Conglomerate is a southern 
facies equivalent of the lower part of the Cambridge Argillite 
(Billings and Tierney, 1964; Billings, 1976 and this volume).
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Brookline Mbr, Dorchester Mbr. Squantum "Tillite" Mbr. Cambridge Argillite
Thickness
500-^300*1 thins rapidly to 
the southern margin of the 
basin
600- 1 6 0 0', generally approx. 
1 0 0 0*
70-6 0 0* I estimates have varied widely 1 
m inimums of 2000-^000'1 from 
tunnel data, must be 7600* min. 
may exceed 18,000*
Lithology
*0 -60% cong., 20-55% argillite 1 
2 -20% sandstone,
M a tr ix• fine to medium feld­
spathic sand
Clastsi well-rounded, generally 
1 - 3" with ave. U"i locally up 
12", Mostly quartzite, granite, 
felsite, lesser melaphyre and 
argillitei basal clastB coarser 
and typically of underlying 
formation.
Interbedded volcanics
60% argillite, 25% sandstone*
1 5# conglomerate! 1% tuff.
Fine to medium feldspathic 
oandi quartz grains rounded.
Pebble clastsi mostly 
quartzite, some granite 1 
lacks clasts of argillitei 
ave. max. pebble 6lze of
5.5"’
Diamictite, 50-63% matrix 
of silt and clay-sizei 
locally sandy.
Pebble clastsi 6ubrounded 
to angulari rare striated, 
some faceted. Mostly of 
quartzite and granite, also 
felsite, argillite. Ave. 
3-6 ", but range to 2 -3 * 
commoniyi some to 2 0 *.
Some large angular argillite 
fragments bent and deformed.
fine-grained, mostly argilla­
ceous (qtz.-sericite-chlorite )1 
some siltstone and tuff, typic­
ally 90% argillite, 10% feld­






Ripple marks and current 
bedding (lamination and cross- 




common pinch and swell bedding 
in association with small-scale 
cross-bedding 1 oscillation









slump structures and 
contorted zones is the 
associated argillites
graded beddingi slump struc­
tures and contorted zones 1 
load-castB
Bedding
Unbedded to obscure beddingi 
sand and shale partings 
and lensesi well-strati fled 
in only a few places.
Absent or poor in the sand- 
stonesi argillite has well- 
stratified beds and lense6
Obscure or unetratifled 1 
associated thir. sandstone 
and argillite layers.
rhythmic banding comprising 
about half of formationi beds 
generally 0.5-3 "i pinch and 
swell in beds .2 5 " thick
Other
Plant fossils (poorly 
preserved casts of tree- 
trunk9 )
color mostly gray to the northi 
60% reddish to purplish A U 0% 
gray or greenish to the south
Sourcesi Billings (1929,1976), Billings and Rahm (1966), Billings and Tierney (196U)t Caldwell (1962),
Dott (1961), LaForge (1932), Rahm (1962), Sayles ( 1 9 1 M
Table 1. Description and lithology of the sedimentary formations and members of the
Boston Bay Group.
The Squantum "Tillite" occurs at a definite stratigraphic 
position at the top of the Roxbury Conglomerate throughout the 
southern part of the basin, although in a few localities it is 
represented by clast-supported roundstone conglomerates rather 
than the more typical open-work diamictite (Billings, 1976 and 
this volume).
The age of the Boston Bay Group still eludes us. The 
following ages and criteria have been suggested:
(1) Pennsylvanian to Permian; based on similarity in lithology
and structural setting, and juxtaposition, to well-dated 
fossiliferous rocks of the Narragansett and Norfolk Basins 
(Billings, 1929, 1976; Sayles, 1914; LaForge, 1932).
(2) Upper Devonian to Permian; based on two poorly preserved
tree trunks from the Brookline Member.
(3) Devonian to Mississippian; based on the presumed absence
of Quincy granite pebbles from the Boston Bay Group rocks 
(Dott, 1961). Billings (1976) regards the question of 
the presence or absence of Quincy pebbles to be unresolved 
however.
(4) Several possible ages, based on different correlations of
Brighton Volcanics of the Boston Bay Group to volcanics in 
fault contact with the group (Lynn-Mattapan) or possibly 
at the base of the Roxbury Conglomerate (Mattapan). These 
correlations permit an age of Devonian (if correlated to 
the fossil-bearing Newbury Volcanics to the north), Miss­
issippian (based on doubtful fossils from the Mattapan 
Volcanics), or Pennsylvanian (if correlated to volcanics 
in the Narragansett Basin).
(5) Siluro-Ordovician; by analogy with regional glaciation in
North Africa (Cameron et al_. , 1975) .
Arguments can be made that the age of the Boston Bay Group 
is important to its tectonic setting, and is thus important to 
the depositional regime. As such, it is more comfortable to 
have a pre- or syn-Acadian age for a model involving gravity 
transport into a deep marine basin. A post-Acadian age would 
perhaps best correlate with a terrestrial (alluvial-lacustrine) 
model.
Dott (1961) attempted to refute the earlier supporters of 
glacial deposition of the Squantum "Tillite" and associated 
argillites (Sayles, 1914; LaForge, 1932) by showing that sim­
ilar sedimentary characteristics can be produced by subaqueous 
debris flow and turbidity currents. Likewise, many of the 
features used in favor of mass movements (roundness of pebbles 
in the "tillite", relative rarity of striated pebbles, inter­
fingering of lithologies, contorted and graded bedding in the 
argillites, etc.) are also characteristic of many tills and 
glacio-lacustrine deposits (Goldthwait, 1971). Debris flow 
and turbidity current processes can also be characteristic of 
a glacial setting; examples are flowtills, formed by debris
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flow off ice sheets, and glaciolacustrine rhythmites, formed 
by turbidity currents either along ice contact margins of lakes 
or off the mouths of inflowing streams (Gustavson, 1975).
Recent attempts have been made to solve the problem of 
deposition of the Boston Bay Group, and the Squantum "Tillite" 
in particular, by fabric and textural criteria. For example, 
long-axis clast fabrics of the Squantum "Tillite" (Lindsay, 
Summerson, and Barrett, 1970) are inferred to support a mud­
flow origin; but some long-axis orientations of Squantum clasts 
also parallel the strike of the paleoslope, a feature not pre­
viously observed in mudflow fabrics. This fabric study involved 
a highly sheared locality (Squantum Head), in which the clasts 
could have undergone some tectonic rotation. Surface textures 
on quartz sand grains from the Brookline Member and the 
Squantum "Tillite" indicate glacial transport (Rehmer and 
Hepburn, 1974), but such features can persist into extraglacial 
environments for some time (or distance) before being 
obliterated.
Much of the problem of interpreting the sedimentary rocks 
of the Boston Bay Group stems from the fact that few facies 
models have been developed for environments dominated by cong­
lomerates. The principal modern environments in which cong­
lomerates are accumulating today, and in which they could be 
preserved, are: alluvial fans, braided rivers, shorelines,
deep sea submarine fans, and glacially-influenced areas (marine 
and non-marine). Walker (1975, and in Harms et a_l. , 1975) has 
enumerated features to be observed in conglomerates and their 
relationships to depositional environments, including: texture
(sorting, size distribution, clast vs. matrix support), fabric 
of clasts, stratification, and grading (e.g., present or absent, 
normal or inverse).
On this trip we will emphasize the dominantly clast- 
supported conglomerates of the Brookline Member rather than 
the matrix-supported Squantum "Tillite". Thick accumulations 
of clast-supported conglomerate are possible in both fluvial 
and deep-water^ deposition ( Harms et a_l. , 1975) . The coarse 
clasts of the Roxbury Conglomerate are rarely graded, a char­
acteristic of fluvial or very proximal resedimented conglo­
merates. Stratification is also generally very obscure; 
layers blend into each other without sharp boundaries, which 
suggests fluctuating or pulsating depositional processes 
(Harms et al_. , 1975) . Flattened and elongate cobbles and peb­
bles are commonly oriented along bedding. Large conglomerate- 
filled channels cut into underlying finer sediments have been
As "resedimented conglomerates", initially accumulated in 
an unconsolidated pile in shallow water and subsequently 
resedimented into deeper water; no transport mechanism 
implied, but associated with turbidites (sense of Walker, 
1975).
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recently recognized by the authors in the vicinity of Hammond 
Pond, Newton and may shed some light on the deposition of the 
Brookline Member. Some of these channel conglomerates show 
possible large-scale, low-angle cross-stratification (Stop 5A) 
others reveal only a vague horizontal stratification (Stop 5D)
The finer sandstones, siltstones, and mudstones of the 
Boston Bay Group display a variety of both gravity and current 
depositional features including: current, oscillation, and
ripples; climbing ripples; large and small-scale 
low-angle cross-stratification; scour and lag deposits; wavy 
bedding of alternating sand and mud; isolated, "out-sized" 
pebbles ("dropstones"); normal graded bedding; load casts; and 
contorted bedding. It is well to remember that the surface 
expression of the Boston Bay Group is strongly biased toward 
the conglomerates. The more complete stratigraphic records 
from tunnels (Tierney et al_. , 1968 ; Billings, this volume) show 
that the less resistant sandstones and particularly argillites 
make up a considerable portion of the Roxbury "Conglomerate". 
The Cambridge Argillite, composed almost entirely of fine 
sediments, outcrops particularly poorly.
A basic consensus can be reached on at least five points 
relating to the Boston Bay deposits: (1) that the Cambridge
Argillite represents quiet-water deposition, (2) that the facies 
change from dominantly conglomerate to dominantly argillite 
(from south to north) is quite abrupt, and a source area to the 
south is indicated, (3) that any depositional model must take 
into account the difficult problem of the overlap of thick 
argillite deposits onto the conglomerates, (4) that the group 
is on the order of thousands of feet (hundreds of meters) thick, 
and (5) that the diamictite (Squantum) at its type locality at 
least, is bounded both above and below by the quiet-water 
argillites. It seems to us that three basic depositional 
models (and possible combinations of them) need to be considered
(1) Terrestrial (Glacio-alluvial-lacustrine)
Cambridge Argillite is a lacustrine or glacio-lacustrine 
deposit, possibly with some turbidity current deposition.
Squantum Mbr. is either a true tillite (ablation till over 
lake), flow till, or subaerial debris flow; may be in part 
alluvial where clast-supported. Most likely the result of 
Alpine glaciation, if it is glacial.
Roxbury Conglomerate is predominantly alluvial or glacio- 
alluvial (outwash). Braided stream deposits where clast- 
supported with some possible glacial or debris flow where 
matrix-supported. Some of the Dorchester Mbr. is probably 
lacustrine.
(2) Marine mass movement in a eugeosynclinal setting (Dott, 1961)




Cambridge Argillite is marine; unknown water depth; 
turbidity current deposition implied.
Roxbury Conglomerate is either non-marine or very near 
shore (shoreline deposit); rapidly accumulated adjacent to 
volcanic or tectonically active land.
(3) Subaqueous debris flow-subaqueous fan (Modification of 2)
Squantum Mbr. is a subaqueous debris flow of unknown 
water depth.
Cambridge Argillite is a distal turbidite, partly reworked 
by weak bottom currents.
Roxbury Conglomerate is dominantly resedimented, with 
channel conglomerates in the inner fan and pebbly sand­
stones in the mid-fan area. Argillites and some sandstones 
in the Roxbury may be deposited on suprafan lobes or on 
the outer fan.
The major objections to the terrestrial model (Model 1) 
are: that the conglomerates of the Roxbury are too poorly
sorted for typical alluvial deposits and are matrix-supported 
in some horizons; and that the thickness of the argillites 
(greater than 7500 ft.; see Table 1 and Billings, this volume) 
far exceeds known modern and ancient lake deposits. Greiner 
(1974) has described a fossil-bearing lacustrine rhythmite 
exceeding 4200 ft. (1300 m.) thick from a subsiding, post- 
Acadian (Mississippian) fault-bounded basin in New Brunswick; 
it is associated with terrestrial conglomerates and sandstones. 
Possibly a similar depositional environment existed in the 
Boston area at about the same time.
Problems with Models 2 and 3 are: the great abundance of
both coarse and very fine elastics without sandstones typical 
of turbidites; the abundance of large-scale cross-bedding in 
the sandstones and possibly some conglomerates; and the almost 
complete absence of fossils. Clearly, the conglomerate-rich 
portion of the Boston Bay Group does not represent a classic 
fluxo-turbidite. The transgression of Cambridge onto Roxbury 
would tend to favor either moderately shallow water, or 
cessation of the high-energy conditions of the conglomerate 
deposition in a deep water environment.
ROAD LOG
Assemble at Boston University, parking lot G. Trip leaves at 




0.0 0.0 Road log begins at the south end of the Boston
University Bridge across the Charles River.



















Turn right onto Memorial Drive.
Bear left under Massachusetts Avenue. 
Massachusetts Institute of Technology on the left 
Road branches, stay right on Memorial Drive. 
Museum of Science on the right.
Turn left onto Mgr. McGrath Highway.
Enter Somerville.
, up onto ramp.
Bear right, onto Northern Artery of Mgr. McGrath 
Hwy.
Cross railroad tracks.
Major intersection with Broadway; continue 
straight.
Bear left, go beneath underpass.
Turn left onto Shore Drive at traffic light.
Mystic River is on the right.
Continue under bridge and then turn left onto 
Mystic Avenue.
Turn right onto Butler Drive.
Turn right into housing project.
Turn left into parking lot.
Stop 1. Cambridge Argillite, at the old Mystic River Quarry,
Somerville.
This outcrop is on the north limb of the Charles 
River Syncline and near shaft 9 of the City Tunnel 
Extension (Billings and Tierney, 1964). The argillite 
exposed here is in the lower part of the formation 
and is inferred to be coeval with the Brookline Mbr. 
of the Roxbury Conglomerate (Billings and Tierney, 
1964). Beds trend N70°W, dipping 35°SW. The 
Cambridge Argillite has here been hornfelsed by 
greenish-gray felsic dikes that are well-exposed at 
both ends of the outcrop. Calcite veins occur along 
fractures in the dikes and adjacent argillite, 
pyrite crystals are present in the argillite near the 
dikes.
The Cambridge Argillite consists here of two
rhythmically interlayered lithologies: dark gray to
black, very fine-grained argillite comprising 60 to 
70% of the sedimentary rocks present; and a lighter
gray, fine-grained sandstone to siltstone comprising
the remaining 30 to 40%. The sandstone beds are a 
few millimeters to 10 cm. thick, but are typically 
about 0.5 cm. thick. Many of these sandstone beds are 
graded.
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Sedimentary structures, other than lamination, 
are not common in these rocks; but some of the sand­
stone beds appear to have erosional sole features 
(flutes or scours) and rare flame structures. Ap­
parently ripped-up, very flat clasts of the darker 
pelitic material can be seen in some of the laminated 
sandstone beds. Slump folds, particularly well- 
exposed in the central part of the outcrop (just 
north of the fence), suggest that the bottom may have 
sloped westward. It is troublesome in this outcrop to 
unambiguously separate depositional sedimentary 
effects from those of penecontemporaneous or even 
tectonic deformation. Numerous small-scale faults 
cut the argillite.
Small-scale cross-beds and "pinch and swell" 
bedding are not seen in this outcrop. These are 
commonly associated features in other surface exposures 
of this formation, as well as in the tunnel exposures 
described by Billings and Tierney (1964) and Billings 
and Rahm (1966).
0.1 5.7 Leave parking lot and turn right out of the road
leading out of the housing project.
0.1 5.8 Turn left onto Temple St. after first crossing
over Butler Street, which is one way in the 
opposite direction.
0.1 5.9 Turn right onto Mystic Avenue.
0.2 6.1 Turn right onto Mgr. McGrath Hwy.
0.2 6.3 Intersection with Broadway; continue straight
on McGrath Hwy.
0.2 6.5 Cross Pearl St.
0.2 6.7 Cross railroad tracks.
0.1 6.8 Bear left onto McGrath Hwy.
0.4 7.2 Bear left, staying on McGrath Hwy.
0.4 7.6 Enter Cambridge.
0.6 8.2 Turn right off McGrath Hwy., to Memorial Drive.
Stay on Memorial Drive for the next 2.3 miles.
2.3 10.5 Turn left onto Boston University Bridge; cross
Charles River.
0.2 10.7 At the south end of the bridge, turn right onto
Commonwealth Avenue.
0.7 11.4 Intersection of Commonwealth and Brighton Ave.
Continue straight.
0.6 12.0 Union Square; bear left onto Cambridge St.
0.2 12.2 Turn left onto Gordon St. at traffic light.
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0.1 12.3 Exposures of Stop 2B on the left.
0.1 12.4 Entrance to parking lot. Park for Stops 2A and
2B.
Stop 2A. Dorchester Mbr. of the Roxbury Conglomerate; with
Brighton Volcanics; Ringer Park, Allston (Figure 1). 
Please do not use your hammer in the park!
This outcrop is on the north flank of the 
Central Anticline. From the parking lot, head north 
to the outcrops of red, laminated argillites (Dor­
chester Mbr.) just inside the park. The thin beds 
(1 mm. to 1 cm.) with variable orientation (from N58°W, 
dipping 47°NE; to east-west, dipping 25-33°N; then to 
N38°E, dipping 34°NW as we walk northwest toward 
Gordon St.) are characterized by small-scale cross­
bedding, ripples, and pinch and swell bedding. The 
paleocurrent direction here trends about N60°W.
The red argillites are cut by intrusions of the Brigh­
ton, which can be better seen as you proceed to the 
top of the hill in the park. Minor faulting occurs 
in the argillite just to the left (south) of a small, 
younger trap dike.
As you walk up toward the summit of the hill, 
large xenolith blocks of the maroon siltstone and 
argillite are incorporated in and partly digested by 
the greenish, amygduloidal basalt. The volcanic 
rocks capping the hill are andesite to basalt, with 
abundant amygdules filled mostly with quartz and 
epidote. Although the volcanic rocks have been 
described as intrusive dikes and sills here (LaForge, 
1932), they appear to be in part extrusive flows and 
ejecta as well. Some of the amygduloidal blocks 
appear to be pyroclastic bombs.
Figure 1. Location map 
of Ringer Park, Allston 
(outlined with heavy line)f 
stops 2A and 2B.
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Walk down the paved path to the playground. 
Outcrops of thinly bedded, alternating fine sand­
stone and argillite, without grading, can be seen 
adjacent to the basketball and tennis courts.
Exit tha park via Imbrie St. to High Rock Road. 
Continue past the first outcrop on the right, a 
massive greenish, epidote-rich basalt which contains 
layers of pyroclastic ejecta. Proceed to Stop 2B, 
the second outcrop on the right.
This outcrop is on private property, so please 
do not use hammers or step on the flower beds.
The Dorchester Member here consists of a pinkish, 
feldspathic and lithic, medium- to coarse-grained 
sandstone with moderately well-sorted, subangular to 
subrounded grains. The slightly undulatory beds 
range from 8 to 30 cm. in thickness (typically 8 to 
15 cm.). Finer partings of siltstone to very fine 
sandstone are only a few millimeters to about 3 cm. 
thick. Bedding is N65°W, dipping 28-32°NE.
Ripple-marked bedding planes are the prominant 
sedimentary structure to be seen in this outcrop.
Both oscillation and interference ripples 
The longer ripple crests trend N85°W and may be slight 
ly asymmetrical, indicating transport from the north.
The sandstone is capped by dark green, amyg- 
duloidal volcanic rocks of the Brighton which have 
been interpreted in this outcrop as pyroclastic mud­
flow (lahar) deposits by Skehan (1975). Return to 
bus.
0.1 12.5 Leave parking lot and turn left onto Gordon St.
0.1 12.6 Turn right onto small street parallel to Common­
wealth Ave. Then bear left at traffic light onto 
Commonwealth Avenue.
0.1- 12.7- Small exposures of Roxbury Conglomerate on the
0.6 13.2 right; red sandstone and argillite, with some
conglomerate present.
0.5 13.7 Turn left onto Chestnut Hill Ave. at traffic
light.
0.1 13.8 Cleveland Circle; turn right onto Beacon Street.
0.4 14.2 Chestnut Hill Pumping Station, eastern terminus
of the City Tunnel (Tierney et al., 1968).
Chestnut Hill Reservoir on the right.
0.5 14.7 Boston College on the right. The scarp
the lower and upper campus is due to a N20 
striking fault at the base of the slope, which 
separates Dorchester Mbr. to the east (lower 
campus) from Brookline Mbr. to the west (upper 
campus).
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15.3 Outcrops of Brookline Mbr. of the Roxbury
Conglomerate at the Mary Baker Eddy estate on 
the left.
15.6 Turn left onto Hammond Pond Parkway.
15.7 Pass Stop 5f on right.
16.0- Sandstones and conglomerates of the Brookline
16.3 Mbr., at shallow dips near the axis of the
Central Anticline.
16.7 Entering Brookline.
17.0 Brighton Volcanics on the left.
17.4 James Circle; rotary. Take second exit after
entering the rotary, onto Newton St.
17.6 Brighton Volcanics and Roxbury Conglomerate
exposed to the left, at the Putterham Meadows 
Golf Course.
17.9 Bear right, onto West Roxbury Parkway.
17.95- Outcrops of Brookline Mbr., here a clast-
18.0 supported, roundstone boulder conglomerate,
with clasts to 0.3 meters (1 ft.) common.
18.2 Francis X. Ryan Circle. Take second exit
after entering the rotary and stay on West 
Roxbury Parkway.
18.4 Boulder conglomerate of the Brookline Mbr. on
19. 5
18.6 Entering Boston.
18.7 Rotary. Take third exit after entering the
rotary, onto Veterans of Foreign Wars Parkway
19.6 Turn right onto Walter St. next to the Hebrew
Rehabilitation Center.
19.7 Turn left onto Bussey St., entering the Arnold
Arboretum grounds. Pull into the first entrance 
gate on the right. Take the path leading off to 
the left from the gate and proceed southeast up
a small rise, for about 100 meters, to an old 
quarry in the Squantum "Tillite" Member of the 
Roxbury Conglomerate.
3. Squantum "Tillite", Arnold Arboretum, Boston.
Outcrops here and across Bussey St. are typical 
diamictite of the Squantum Member--obscurely bedded, 
matrix-supported polymictic conglomerate containing 
widely scattered clasts of considerable size range. 











of the typical Roxbury Conglomerate and has dev 
eloped an east-west foliation dipping 77°N. 
are larger, clear sand-sized grains in the matrix 
at this locality that show surface textures typical 
of glacial transport by electron microscopy (Rehmer 
and Hepburn, 1974; Figure 2). The large clasts range 
from completely angular "joint blocks" to rounded 
pebbles to boulders. Boulders of 0.2 to 0.3 meters 
are common, and sizes up to 1.0 meter in diameter 
occur here. Clasts include felsite, granite, basalt, 
quartzite, and argillite.
Return to bus.
Turn around and head back (west) on Bussey St. 
Turn right onto Walter St.
Turn left onto VFW Parkway at Piazza Square.
Bear right on VFW Parkway.
Rotary; make first exit after entering rotary 
onto West Roxbury Parkway.
Ryan Circle. Stay on West Roxbury Parkway 
(Second exit after entering the rotary).
Keep right at intersection (stay on West Rox­
bury Parkway).
James Circle. Exit the second road (Hammond 
Pond Parkway) after entering the rotary.
Underpass of Route 9.
Turn right into Steam's parking lot and proceed 
to the north end of the lot; park (Newton- 
Webster Conservation Area).
Figure 2. SEM photo­
micrograph of an angular 
quartz sand grain with 
irregular flat surfaces 
and jagged edges. Other 
typical glacial features 
include high relief, con- 
choidal breakaoe blocks, 
semiparallel and arc­
shaped steps; from Squantum 
Mbr., Arnold Arboretum.






4. Lunch Stop, and Brookline Member of the Roxbury
Conglomerate, Hammond Pond, Newton.
The ledges here are typical Brookline Member— a 
massive, clast-supported, polymictic conglomerate 
containing well-rounded clasts predominantly of 
felsite, quartzite, and some granite. The matrix is 
a medium- to coarse-grained arkosic and lithic sand­
stone. Bedding is obscure except for small, dis­
continuous lenses of coarse sandstone and a rather 
poor alignment of pebbles and cobbles along bedding.
, near the axis of the Central Anticline, the beds 
dip at low angles (10-20°).
If time permits, walk northwest along Hammond 
Pond Parkway. A reddish sandstone with graded beds, 
some small-scale cross-stratification, and scattered 
isolated pebbles is seen to underlie the massive 
conglomerate.
Freshly blasted exposures of the Brookline Mbr. 
can be seen in the parking lot of the Chestnut Hill 
Shopping Mall, west of the parkway, but please do not 
hammer here. Across from Bloomingdale's along the 
northeast side of the parking lot, nearly flat-lying 
fine- to medium-grained, pinkish sandstone with red 
shale interbeds overlies a conglomerate unit. Evi­
dence of strong current action (cross-bedding, ripple 
marks, scour and fill) is abundant in these sand­
stones. At the eastern end of the roadcut, a basaltic 
dike containing dark green chlorite, crysotile(?), 
and pyrite cuts across the sandstone, which has been 
hornfelsed by the intrusion.
23.0 Turn right onto Beacon Street.
23.85 Newton-Webster conservation area, Stop 5. We
will probably turn around and park on the west 
(left) side of the road.
5. Brookline Member of the Roxbury Conglomerate and
Brighton Volcanics, Webster Conservation Area, 
Newton.
The area of Stop 5 is shown in Figure 3. Expo­
sures of the lower part of the Brookline Member of 
the Roxbury Conglomerate, in the woodland of the 
conservation area and along Beacon St. to the north, 
are the best in the Boston Basin for examining the 
sedimentological features of the roundstone- 
conglomerate facies of the Boston Bay Group. About 
110 meters (360 ft.) of section are present here. 
There are four intervals (CI-IV on Figures 3 and 4) 
of pebble/cobble conglomerate with intervals of 
sandstone and shale, and a nicely exposed 13 meter 
(+) lava flow (part of the Brighton Volcanics).
The attitude of the beds here varies only slightly
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Figure 3. Geologic Map of Webster Conservation area, Newton (Stop 5), showing section lines
of Figure 4.
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Figure 4. Generalized stratigraphic sections from west(area C) to east (area A)
at the Webster Conservation Area Newton (Stop 5) Sections in the
Brookline Member of the Roxbury Conglomerate and the Brighton Volcanics
about an east-west strike and dips gently to the 
north at 25°-35°. The axis of the Central Anticline 
is 2 km. (1.3 mi.) to the south of these exposures.
We will begin this stop by examining areas 
A, B, and C (Figure 3) and then look at the exposures 
in area D on Beacon Street. Those of you who are 
allergic to poison ivy should be warned that it is 
almost ubiquitous around the exposures. In early 
October the leaves may be gone but the vines linger 
on, so be careful!
One spectacular feature of the succession here 
is the presence of erosional unconformities at the 
bases of the upper three conglomerate units (Figure 
4). These unconformities have several meters of 
relief; and in three places (areas A, C, and D), the 
underlying sandstone-siltstone sequences are clearly 
truncated. Bedding within the channel conglomerates 
at areas A and D can be seen to abut laterally against 
the unconformity surface, suggesting that after 
deposition, the conglomerate sedimentation units 
had relatively flat upper surfaces. For example in 
area A, such a relatively thin (5 m.) conglomerate 
(C-II) is overlain by pebbly, lithic and feldspathic 
sandstones without an apparent surface of erosion.
In general, all of the conglomerate units contain 
well-rounded pebbles and cobbles of felsite (includ­
ing rhyolite), quartzite, intermediate and mafic 
volcanics, granite, and pelite. Most of the cong­
lomerate is clast-supported with a medium to coarse, 
lithic and feldspathic sandstone matrix. Stratifi­
cation within the conglomerate is indicated by the 
presence of bedding orientation of tabular and elongate 
pebbles and by the presence of sandstone lenses. The 
sandstone lenses are typically less than 0.3 meters 
thick and may be traced laterally for a few meters 
(rarely up to about 20 meters). Some sandstone 
lenses are cross-bedded; many of the lenses do not 
have sharp bounding surfaces with the conglomerate. 
Where sandstone lenses are not abundant, the conglo­
merate units are difficult to subdivide. Intervals 
of conglomerate, uniform in texture, fabric, pebble 
composition, and size-range, but "broken" by sand­
stone lenses, are as much as 26 meters (85 ft.) thick 
(C-III). As defined by sandstone lenses, subunits 
of the conglomerate as thin as 0.3 meters and as 
thick as 2 to 3 meters apparently comprise the large 
intervals of conglomerate represented in Figures 3 
and 4. Unconformities within the conglomerate units 
appear to be absent but may be merely cryptic due 
to the uniformity in texture and fabric of the conglo­
merates. One such cryptic unconformity is inferred 
at locality B, where conglomerate units II and III
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are in contact. Reverse and normal grading within 
subunits of the conglomerate (between sandstone 
lenses, for example) has not been unambiguously 
established and, if present at all, is rare.
In area A, a well-exposed 4.6 meter sandstone- 
siltstone sequence is present between conglomerates 
II and III (Figure 4) and is cut out to the west.
This succession contains lithic and feldspathic sand­
stone beds (a few centimeters to 0.6 meters thick), 
showing ripple marks, parallel lamination, ripple- 
and dune-scale cross-bedding, and graded bedding.
Some isolated, "outsized" pebbles and cobbles occur 
within the sandstones, a few with overlying draped 
strata ("dropstones"). The ripples are especially 
well-exposed near the base of the sequence and are 
symmetrical to slightly asymmetrical. Although 
nearly symmetrical, these ripples may well be climbing 
ripples (type B of Jopling and Walker, 1968) rather 
than the wave ripples reported from the Brookline 
Member by Billings (this volume) and others, 
beds up to 20 cm. thick are interlayered with the sand 
stone beds and extend in most cases for the length 
of the exposure.
In area C (Figure 3) the lava flow and overlying 
red-brown volcanogenic sandstone can be seen. The 
lower approximately 10 meters of the flow is massive; 
the upper part is highly amygduloidal and fragmental. 
The flow appears to have been of an aa-type with 
abundant rubble in its upper part. Large fragments 
of the flow are present at the base of the overlying 
sandstone.
viewing the section exposed in areas A, B,
and C, visit area D on the north side of Beacon Street
Please go to this area by way of the Hammond Pond 
Parkway rather than passing through private property.
In area D, conglomerate unit IV rests unconformably 
on thinly laminated siltstone and fine sandstone (which 
probably also underlies Beacon St.). The thinly 
laminated siltstone, although never abundant, is 
commonly seen in surface exposures of the Brookline 
Mbr. in the Central Anticline. Here as elsewhere, 
this laminated siltstone displays strata-bound 
contorted beds with overturned to recumbent folds, 
which we believe to be the result of penecontemporaneous 
deformation. These folds are consistently over­
turned to the northwest. Impressions of the siltstone 
bedding on the sole of the overlying conglomerate IV 
are visible locally at the west end of the exposure.
Although the stratigraphy here is, we think, 
reasonably represented by the map of Figure 3 and 
stratigraphic sections of Figure 4, many questions
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are certainly unresolved concerning the modes of
deposition involved in the formation of this sequence.
Among these questions are:
(1) Do the thin lenses and interbeds of sandstone
within the conglomerate represent depositional 
geometries, or are they the erosional remnants 
of once thicker and more areally extensive sand 
beds?
(2) Is the scale of channelling associated with the
unconformities larger than that which we see on 
the scale of the outcrop? Namely, does each 
conglomerate unit (CI-CIV) fill a mega-channel 
at least as deep as the unit's exposed strati­
graphic thickness; or is the conglomerate 
simply burying a previously eroded channel?
We can see, for example, conglomerate-filled 
basal channels cut at least 15 meters deep and 
a few hundred meters wide into finer-grained 
sedimentary rocks. Are there also channels and 
scours within each conglomerate unit on the same 
scale, the margins of which are obscure because 
the substrate and channel fills are lithologically 
similar?
(3) Are the high-energy processes represented by both
the cutting of channels (into sands and silts) 
and by the filling of these channels (by gravels) 
penecontemporaneous; or are the erosional and 
depositional events separated significantly in 
time?
(4) It is interesting to consider the role of
extrusive volcanism in the development of this 
sequence. To what extent did the flows follow 
previously eroded channels? If glaciers were 
nearby as proposed by some, how might volcanism 
under or through the ice be in part responsible 
for what we see in the stratigraphy here?
Return to bus. Continue north on Hammond Pond Parkway.
0.1 23. 95 Turn right onto Beacon St.
0.65 24.6 Enter Boston.
0.3 24. 9 Turn left onto St. Thomas More Drive, then bear 
right onto Chestnut Hill Drive, around resevoir
0.5 25.4 Park on the right, adjacent to Chestnut Hill 
Reservoir.
Stop 6. Brookline Member of the Roxbury Conglomerate, Chest
nut Hill Reservoir, Brighton. Access to the outcrops 
within the fence is normally restricted. Permission 
may be obtained from the Metropolitan District 
Commission. We will walk east from the gate for
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about 350 meters along the gravel path adjacent 
to the reservoir.
The outcrops of the Brookline Mbr. along the 
shores of the reservoir are more poorly sorted and 
less stratified than those seen previously at Stops 
4 and 5. The conglomerate seen here have the 
appearance of "disorganized beds" (sense of Walker, 
1975). The cobbles and boulders are also larger 
here; diameters of 15 cm. are common and can range 
up to 0.3 meter. The clasts are of quartzite, 
felsite, granite, melaphyre, and rarely conglomerate 
and argillite. The outcrop adjacent to the rip-rap 
blocks on the shore of the reservoir contain very 
large blocks of red laminated siltstone and very 
fine sandstone. One of these siltstone blocks 
contains abundant, compressed, green reduction spots, 
one of the few possible evidences of organic remains 
in the Boston Bay Group (This feature has never been 
seen in place).
The sandstone matrix is greenish-gray here. Rare, 
thin lenses of sandstone within the more massive cong­
lomerates are the only good evidence of bedding in 
these outcrops. The rocks trend east-west here and 
dip to the north.
Return to bus. Continue east on Chestnut Hill Drive.
0.1 25. 5 Turn right onto Commonwealth Avenue.
1.7 27.2 Intersection with Harvard St. Continue straight 
on Commonwealth Avenue.
0.3 27. 5 Intersection with Brighton St. Continue on 
Commonwealth Avenue.
0.7 28.2 Intersection of Commonwealth Ave. and Essex St. 
(at south end of B.U. Bridge). Continue on 
Commonwealth Avenue to Boston University.
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